Background: Although the negative effects of lower socioeconomic status on non-small cell lung cancer (NSCLC) treatment and survival have been widely studied, the impact of residential segregation on prognosis and the receipt of treatment has yet to be determined.
Introduction
Lung cancer is the leading cause of cancer-related death in the United States. Approximately 158,000 Americans will die from the disease in 2015, accounting for 27% of all cancer-related deaths (1) . Non-small cell lung cancer (NSCLC) is the most common type of lung cancer and accounts for 83% of cases (2) . Stage at diagnosis and treatment type are especially important in NSCLC patients given early-stage disease is potentially curable by surgical resection (3) . At least half of patients who undergo surgical treatment survive more than 5 years, whereas, without surgery, most will die within a year (3) (4) (5) . Although surgical resection remains the only reliable treatment for early-stage NSCLC, 29% of patients do not receive surgical treatment (3, 5, 6) . Differences in cancer prognosis exist across racial and ethnic groups and are well established (7) (8) (9) . For lung cancer, these differences are largely due to disparities in the receipt of surgical treatment (3) .
Although the Civil Rights Act of 1968 officially made housing discrimination illegal, racial residential segregation remains a persistent problem in the United States (10) . Racial and ethnic minorities living in racially segregated neighborhoods are disproportionately affected by a number of health problems including cancer (10) (11) (12) (13) (14) . Studies have suggested these individuals are diagnosed with more advanced disease for breast and colorectal cancers and are less likely to receive adequate treatment compared with their counterparts living in less segregated areas (15, 16) . Another study found that lung cancer mortality was 10% higher in blacks living areas with high segregation, regardless of socioeconomic status (SES; ref. 17) . Although the negative effects of lower SES on NSCLC treatment and survival have been widely studied (18) (19) (20) (21) (22) , the impact of residential segregation on prognosis and the utilization of cancer care have yet to be determined. The only study to date investigating the relationship between segregation and lung cancer found black and Hispanic patients living in highly segregated areas had lower odds of early-stage diagnosis compared with white patients (16) .
The purpose of this study was to determine the extent to which residential segregation and other neighborhood characteristics are associated with receipt of surgery and 5-year survival for patients diagnosed with early-stage NSCLC. The outcomes of interest were the odds of receiving surgical treatment and risk of death. The exposures of interest included two census tract-level social and environmental variables: residential segregation and economic deprivation, controlling for individual level exposures, and three area-level variables: place of residence (rural, suburban, urban), educational attainment, and elderly concentration. The results of this study are intended to bringing importance to segregation and other characteristics as determinants of lung cancer outcomes. As a result, what is learned from these epidemiologic findings can be applied to interventions and public policies to improve patient outcomes and contribute to the difficult and complex task of reducing racial health disparities.
Materials and Methods

Study design
This is a retrospective cohort study of patients diagnosed with NSCLC in Georgia from January 2000 to December 2009 (N ¼ 57,120). The termination date for follow-up was January 1, 2012. Data were from the Georgia Comprehensive Cancer Registry (GCCR) which collects data on incident cases of cancer diagnosed in the state. GCCR has 98% case ascertainment (23) . The analysis was restricted to patients with early-stage disease (n ¼ 14,484). Early-stage disease included the presence of tumors categorized as either localized or regional by direct extension only. Patients were sequentially excluded if (i) age at diagnosis was <30 or >85 years (n ¼ 532), (ii) they did not identify as black or white race (n ¼ 90), (iii) ethnicity was identified as Hispanic (n ¼ 103), (iv) they had multiple primary tumors (n ¼ 4,462), (v) the tumor was diagnosed as small-cell lung cancer (n ¼ 714), and (vi) if census tract information was missing (n ¼ 22). To remove patients who were not recommended treatment due to poor prognosis because of comorbid disease or advanced lung cancer, patients who died within 2 weeks of diagnosis or who were diagnosed at autopsy were excluded from the study (n ¼ 239).
Study variables
The GCCR collects demographic, tumor-related, treatmentrelated, and follow-up information on all cancer patients diagnosed in the state. GCCR records the census tract (CT) corresponding to the residential address for cancer patients using Geographic Data Technologies (GDT) with 93% of addresses being geocoded to the exact location defined by the 2000 census definitions. Variables of interest included race, sex, age at diagnosis, date of diagnosis, tumor-related information (stage and grade), treatment type, last date of follow-up and vital status at last follow-up. Using the corresponding CT, 2000 U.S. Census data and Rural Urban Commuting Area (RUCA) codes from the U.S. Department of Agriculture were merged with GCCR data (24, 25) . RUCA codes were used to classify each patient as urban, suburban, or rural (26) (27) (28) . Census data was used to obtain measures of CT-level residential segregation and neighborhood characteristics. Because of the highly correlated nature of variables that constitute the multiple dimensions of SES, factor analysis was used to create latent variables (29) (30) (31) . We used an orthogonal rotation method, Varimax, because it typically results in factors with a small number of medium to large loadings (>0.60) and a larger number of small loadings (<0. 40; refs. 30, 32) . Using eight variables obtained from census data, the factor analysis resulted in three latent variables: economic deprivation, educational attainment, and elderly concentration (see Table 1 footnotes a list of census variables included for each latent variable). The three latent variables representing social and demographic attributes of census tracts (30, 33) were classified into four categories based on the quartile distribution (34, 35) . Residential segregation was measured by isolation index, which captures the probability of living in proximity to individuals from the same racial or ethnic group (16, 36) . Isolation index was used, as opposed to dissimilarity index, because it accounts for the relative sizes of groups being compared and is generally considered a better measure for when studying neighborhood characteristics (36) (37) (38) (39) (40) . To obtain isolation index at the census tract level we used the formula:
Þ where j is the census tract and i is the block group. X indicates the number of black individuals in the census tract, x i indicates the number of black individuals in block group i, and t i is the total population in block group i. The index ranges from zero to one, where a higher score represents a higher level of isolation (16, 41) . Because of high correlation between residential segregation and economic deprivation, consistent with Haas and colleagues (16), a third variable was created combining the two (Table 1 footnotes).
Statistical analysis
Categorical data are presented as frequencies and percentages according to race and are compared using the Pearson c 2 test. All statistical tests were two-sided, and P < 0.05 was considered statistically significant. Although the primary focus of this study is to examine the odds of surgery and survival for white and black patients separately, we showed white/black disparities in receipt of surgery and survival (unadjusted, adjusted for individual variables, adjusted for individual and area-level variables, and adjusted for interactions).
Because individuals are nested within census tracts and patients within a tract may be more similar than patients residing in other tracts, we conducted multi-level analyses (42) Therefore, census tract random effects were obtained for all fitted models to account for the hierarchical nature of the data. For the outcome receipt of surgery, odds ratios with 95% confidence intervals were obtained through multi-level mixedeffect logistic regression. The effects of segregation, economic deprivation, and combined segregation-deprivation on the odds of receiving surgery were examined in separate models. In all models, adjusted effects were obtained by controlling for the individual-level variables (age, sex, and tumor grade) and area-level variables (place of residence, educational attainment and elderly concentration). In all tables, in addition to the variables of interest, the three control variables at area-level are displayed.
Survival time was calculated from the date of NSCLC diagnosis until the last day of follow-up, the date of death, or the termination of the study. Patients who died after five years were censored at 5-year follow-up. Five-year survival was measured because it is generally used as a benchmark for cancer treatment success (43) (44) (45) . Survival models measured the effect of economic deprivation, segregation, and combined segregationdeprivation on risk of death in separate models with and without surgery. Adjusted effects were obtained by controlling for the individual-level and area-level variables. To determine the association for the exposures of interest on the risk of death for different racial groups, separate survival models were conducted for black and white patients to capture the effects of these exposures for each group independently. Models were fitted using shared frailty which assumes correlation between patients within the same census tract caused by an unobservable group-level random effect. This effect, known as frailty, if significantly different from zero will result in changes in point estimates and their SEs. The frailty Cox model reduces to the standard Cox model when the random effect is zero (46) . Using Stata software package, multi-level Cox proportional hazard was used to obtain hazard ratios with 95% confidence intervals for the relative risk of death. The proportional hazards assumption was evaluated and met for the variables of interest. 
Results
Patient characteristics
Our final study population consisted of 8,322 early-stage NSCLC patients, of whom 4,610 (55.4%) were male and 3,712 (44.6%) were female. Table 1 summarizes patient characteristics by race. A larger proportion of black patients (68.5%) than white patients (63.2%) died during the follow-up period. In addition, the median time until death was lower for black patients (26.4 months) than for white patients (32.2 months). Marked differences existed in the receipt of surgical treatment as well (46.7% for black patients vs. 58.6% for white patients). 82.5% of black patients lived in areas with high segregation (levels 3 and 4) compared with 33.6% of white patients.
Surgery
Black patients had 43% lower odds of receiving surgery than white patients when adjusted for patient characteristics [adjusted odds ratio (AOR) ¼ 0.65, 95% confidence interval (CI): 0.56-0.75; Table 2 ]. This disparity persists after adjusting for area-level variables as seen in Table 2 (AOR ¼ 0.64; 95% CI, 0.55-0.74; Table 2 ). However, the relationship disappears after further adjustment for the interaction between race and combined segregation-deprivation (Table 2) . Results for the relative odds of receiving surgery by race are depicted in Table 3 . We will first consider the results for white patients. As shown in Model A, as economic deprivation increased, the odds of receiving surgery decreased (level-2 AOR ¼ 0.85, 95% CI, 0.73-0.98; level-3 AOR ¼ 0.86, 95% CI, 0.73-1.01; level-4 AOR ¼ 0.72, 95% CI, 0.58-0.89), although level-3 was not shown to be significant. For the evaluation of segregation (Model B), only living in areas with medium-low (level-2) black residential segregation was associated with decreased odds of receiving surgery for white patients (AOR ¼ 0.86; 95% CI, 0.74-0.99). No significant associations were observed between living in areas with combined segregation-deprivation and receipt of surgery. BIC comparison suggested Model A (economic deprivation) was the best fit for predicting the odds of receiving surgery among white patients (Table 3 ). In this model, living in areas with high elderly concentration (levels 3 and 4) and decreasing educational attainment were associated with decreased odds of receiving surgery. Educational attainment demonstrated the largest effect on receiving surgery for white patients. Living in areas with the lowest level of education was associated with 48% decreased odds of receiving surgery (AOR ¼ 0.52; 95% CI, 0.42-0.64) compared with living in areas with the highest educational attainment.
For black participants, higher levels of economic deprivation (Model A) were associated with decreased odds of receiving surgery (level-2 AOR ¼ 0.54, 95% CI, 0.32-0.91; level-3 AOR ¼ 0.47, 95% CI, 0.29-0.75; level-4 AOR ¼ 0.51, 95% CI, 0.32-0.82). As indicated in Model B, living in areas with high levels of segregation was associated with the largest effect on receipt of surgery for black patients. Compared with living in the least segregated areas, living in areas with the highest and second highest levels of segregation were associated with 65% (AOR ¼ 0.35; 95% CI, 0.19-0.64) and 63% (AOR ¼ 0.37, 95% CI, 0.20-0.68) decreased odds of receiving surgery, respectively. In addition, as depicted in Model C, living in segregated areas, regardless of the level of economic deprivation, was associated with decreased odds of receiving surgery for black patients. BIC comparison suggested both Models B and C (residential segregation and the combined variable) were the better fit for predicting the odds of receiving surgery among black patients, compared to Model A (Table 3 footnotes). In Model B, living in suburban areas was associated with decreased odds of receiving surgery compared with residence in urban areas. Educational attainment and elderly concentration were not significantly associated with receipt of surgery for black patients.
Survival
Black patients had 20% increased risk of death compared with white patients when adjusted only for patient characteristics [hazard ratio (HR) ¼ 1.20; 95% CI, 1.12-1.19; Table 2 ]. This effect reduced after adjusting for area-level variables (HR ¼ 1.10; 95% CI, 1.01-1.19; Table 2 ). The observed disparity disappeared after adjustment for surgery and its interaction with combined segregation-deprivation.
Black and white patients were examined separately to capture effects for each group independently. We examined the association between the exposures of interest and risk of death both with and without surgery. This allowed us to determine to what extent the increased risk associated with the area-level exposures might be explained by surgery. In Table 4 , we report the following for white patients: Model A -hazard ratios (HR) for economic deprivation with and without surgery; Model B -HR for segregation with and without surgery; and Model C -HR for combined segregation-deprivation with and without surgery. In Table 5 we report similar models for black patients. Table 4 reports HRs for white patients with early-stage NSCLC. In Models A-C, for the fully adjusted models, there is an increasing risk of death with decreasing educational attainment. Relative to living in areas with the highest educational attainment, white patients living in areas with the lowest educational attainment had 30%-32% increased risk of death. Although accounting for surgery attenuated the effect, declining educational attainment continued to be associated with a statistically significant increasing risk of death in all models for white patients. Across all three models, white patients living in suburbs were 10%-11% less likely to die compared with their urban counterparts. After adjustment for surgery, economic deprivation (Model A), segregation (Model B), and combined segregation-deprivation were not associated with survival. Table 4 reports HRs for black patients with early-stage NSCLC. Unlike what was observed for white patients, after accounting for surgery, no socioeconomic variables remained significantly associated with survival. However, black patients living in areas with high residential segregation and high economic deprivation (Model C) were 31% more likely to die, even after surgery.
Discussion
Black patients with early-stage NSCLC were less likely to receive surgery than white patients. Black patients also had lower 5-year survival compared with white patients. However, after surgery was accounted for, the survival disparity between black and white patients disappeared suggesting this disparity was explained by differences in receipt of surgery treatment. Living in areas with higher economic deprivation was associated with lower odds of receiving surgery for both black and white patients. However, the impact of other neighborhood characteristics differed by race. For white patients, educational attainment and elderly concentration were associated with reduced odds of surgery; whereas, living in highly segregated areas was associated with lower odds of receiving surgery among black patients. Although, our measure of segregation represents the extent to which black residents are exposed to other black residents, we also examined the effect of living in black segregated neighborhoods for white patients. Previous studies have suggested higher mortality for whites when they lived in black or Hispanic neighborhoods (42, 47) . This study, however, found no association between white survival and living in black neighborhoods once surgery is adjusted for.
Two different patterns for survival emerged for white and black patients as well. For white patients, educational attainment and living in suburbs was associated with survival, independent of surgery. However, for black patients, living in highly segregated areas with high levels of poverty was Johnson et al.
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Cancer Epidemiology, Biomarkers & Preventionassociated with lower survival. This effect remained statistically significant after adjustment for surgery and other neighborhood characteristics. The fact that neighborhood economic deprivation alone was not significant for black patients but became significant in combination with residential segregation suggests black patients are impacted by the combined negative effects of segregation and poverty. This might be due the fact that census tract measures for SES are calculated on the basis of the total population of the area and the gradient could be stronger for whites (and not blacks or other minority populations) when the majority population is white. Therefore, it is important to tease out the measure of poverty from poverty concentrated in racially/ethnically segregated neighborhood. The latter have been shaped by mechanisms such as the legacy of institutionalized discriminatory housing policy (48) and likely have different social and health effects than poverty that exist outside the context of segregation. Racially segregated areas do not merely reflect the cohabitation of one racial group, rather they are spatial manifestation of discrimination and contribute to economically impoverished conditions by spatially constraining access to education, employment opportunities, and the quality and utilization of medical services (39, 49, 50) . Successfully addressing neighborhood economic deprivation generally involves a combination of urban planning and public policy to encourage a shift to more mixed-income neighborhoods (51) . Augmenting such measures with interventions and policies that focus on community organizations and political empowerment may be beneficial for reducing heath disparities in racially segregated black communities (52) . Communities with economic and political resources are better equipped to influence zoning regulations, ensure employment and educational opportunities, and make successful attempts to avoid noxious facilities (14, 53) Few studies have examined the association of area-level characteristics with the receipt of treatment or survival for NSCLC patients in the United States. In an earlier study (22) of all NSCLC patients (all stages) we found educational attainment and economic deprivation were associated with receipt of surgery and survival outcomes. Our current study suggests similar associations; although, the characteristics that were meaningful differed for black and white patients. For instance, living in areas with lower educational attainment was associated with lower odds of receiving surgery and high risk of death for white patients, but not for black patients. Erhunmwunsee and colleagues (54) and Shugarman and colleagues (55) both found that living in areas with low SES was associated with poorer survival outcomes for lung cancer patients. We deconstructed SES into three primary components: economic, educational, and demographic. Our findings suggest lower area-level educational attainment, but not economic deprivation, was associated with lower survival for white patients. Thus, education, rather than the economic components of neighborhood SES, is largely responsible for poorer survival outcomes for whites. However, because surgery was found to be a mediator for survival outcomes, for both black and white NSCLC patients survival should be understood in connection with treatment disparities and how neighborhood characteristics determine the utilization of surgery. This study has several strengths. This is the only study to date that investigated the effect of residential segregation on NSCLC treatment and survival outcomes for white and black patients separately. We also attempted to capture the combined effect of neighborhood deprivation and racial segregation by creating a single variable combining the two. Recognizing the importance of surgery on survival outcomes for early-stage NSCLC patients, we analyzed the effects of neighborhood characteristics for the relative odds or receiving surgery and survival. Studies assessing the impact of racial segregation on health tend to measure segregation at the county level. In an attempt to more discriminately capture the racial homogeneity of smaller areas, segregation was measured at the census tract level. Finally, using factor analysis to establish latent variables allowed us to control for different dimensions of the neighborhood environment. This study had some limitations. Individual-level demographic variables were limited to race, gender, and age. Therefore, we were not able to control for other variables such as individual SES, comorbidity, or insurance status. We also lacked information on the cause of death for those participants who died during the follow-up period.
This study revealed that neighborhood characteristics are an important determinant of lung cancer treatment and outcomes. These characteristics differ for black and white patients. Our findings suggest how black and white individuals experience area-level poverty and segregation is likely different leading to differences in adverse health outcomes. Racial segregation represents a phenomenon that is not exclusively about poverty but indicates a broader and more complex setting in which health disparities exist and persist. Therefore, research pertaining to racial disparities should not only consider SES but include racial segregation as an important contextual exposure. Researchers, policymakers and practitioners alike should consider a more careful examination of health disparities, particularly for blacks, in a landscape shaped by historical, social, and institutional forces. Identifying neighborhood characteristics impacting health outcomes within different racial groups could help reduce health disparities across racial groups by implementing targeted policies and interventions. Eliminating the historical mechanisms that has caused much of the structural inequality seen today is merely a first step. Substantial resource investment, community involvement, and political will are all required to actively desegregating towns and cities while maintaining community identity and sense of place within the most affected areas.
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